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CHAPTER 1

INTRODUCTION

Problem Statement

Equipment damage, along with degradation or loss of
performance capability, can often be traced to corrosion.
Any one or all of these results of corrocsion frequently rep-
resent a monetary loss to an organization owning or operat-
ing the equipment through loss of productive time and/or
costs to repair or replace the damaged eguipment (3:1-3;
36:1.1).

Within the United States Air Force, many maintenance
work centers are required by directives such as Air Force

Manual 66-1, Maintenance Management, or equipment technical

manuals to perform work on equipment to control or vprevent
corrosion (38:1.1; 43:3.1; 44:3.1; 45:3.1). On any given
Alr Force base possessing aerospace ground eguipment, vehi-
cles, and munitions, one might £ind vehicle specialists,
munitions specialists, aircraft maintenance specialists, and
others inspecting, washing, waxing, wiping, sanding, and
painting vehicles and egquipment as a part of their daily
work. Given that corrosion control is necessary, it is pos-
sible that a consolidated corrosion control work center with

the primary duty of performing corrosion control maintenance




might be able to accomplish the same work at less cost than

the separate maintenance work center

Background

General recoéﬁition by the United States military
and the American scientific community cf corrosion as a sig-
nificant problem can be traced to the period during World
War II (l6:vii). Lack of significant emphasis »rior to World
War II does not mean, however, that corrosion was not a prob-
lem prior to that period. Deterioration of materials and
equipment due to corrosion was and is a problem dating back
to the first artifact created by man. The theaters cf opera-
tion in World War II, however, which encompassed virtually
every extreme of climate, provided conditions which led to
deterioration of equipment on a scale nerer experienced
before by any major military organization. Accordingly,
concentrated attention and effort by the United States mili-
tary were focused during the World War II period upon the
problem of corrosion.

A coordinated attack upon the problem of corrosion
was first seen in the creation of the Army-Navy Deterioration
Steering Committee under the National Defense Research
Committee in the early 1940's; and in 1943, the Tropical
Deterioration Information Center was established. 1In 1945,
recognition of the usefulness of these organizations led to
the creation of more permanent organizations: the Joint
Army-Navy Deterioration Prevention Committee and the

Prevention of Deterioration Center under contract with the




National Research Council of the National Academy of Sciences.

The Department of the Air Force, upon 1ts creation as a sepa-
rate service, joined ranks with the Departments of the Army
and Navy in supporting research into the prevention of corro-
sion (l6:vii-viii).

Corrosion as a costly problem was again brought into
sharp focus within the Air Force as a result of the current
trend in the United States Government toward smaller defense
budgets expressed as a percentage of the Gross National
Product and the resulting need to reduce maintenance costs
while concurrently maintaining military effectiveness and
efficiency. In 1974, the Air Force established the
Maintenance Posture Improvement Program (MPIP) with the
declared purpose of initiating "a program to reduce mainte-
nance manpower and materiel costs and increase effectiveness
of mission support [49:1]1." By Air Staff direction in 1975,
the MPIP was expanded to encompass all aspects of the cor-
rosion problem.

Tasking will include working level panels

to act.vely probe, evaluate and present recommenda-
tions on all possible means/alternatives available
to promote and develop a more effective [corrosion
prevention] program for the Air Force. All efforts
will be focused on identifying changes and improve-

ments that will produce reductions in corrosion
damage and associated costs [39].

Justification

Resource Conservation.--The rising costs of manpower,

materiel, and weapon systems in an era of limited defense

allocations have provided a strong mandate for effective and
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efficient use <f resources. In 1573, General George S. Brown,
then United States Air Force Chief of Staff, reccgnized the
impact of rising costs upon defense forces:

All of us must recognize certain basic truths.
First, defense costs, like costs everywhere, have
been climbing steadily. Second, even if defense
spending could be maintained at a fixed level in
current dollar terms, there is an erosion of real
purchasing power. Third, this has necessitated
reduction in force size. Fourth, the reduced force
structure makes it more than ever imperative to off-
set numerical inferiority with qualitatively supe-
rior weapon systems. But, fifth, the cost of these
systems has also been climbing so rapidly that we
face such alternatives as reduced gquality, lesser
numbers, or just not going forward at all with some
programs that are needed. These factors can only
degrade the effectiveness of our defense forces,
unless we move in the right direction of greatly
increased efficiency in the way we do business.
Cost-consciousness--cost avoidance--cost reduction
will have to be our way of life [6:761].

Since 1968, the peak year of defense outlays, the
defense budget, in terms of constant 1974 dollars, has stead-
ily declined (26:25). Jacqgue S. Gansler, Deputy Assistant
Secretary of Defense, Materiel Acguisitionr, in a speech on
23 October 1975, stated that, although total Government and
Federal spending had grown over the last five years, total
defense spending, in terms of constant 1976 decllars, had
actually declined $19 billion. He further emphasized that
the defense share of the Gross National Product had been
reduced from 6.9 per cent to 5.8 per cent and that a similar
reduction from 33.3 per cent to 26.9 per cent had occurred
in the defense share cof the Federal budget (41).

Although defense outlayz in terms of real purchasing

power have been diminishing in recent years, the costs of
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(1]

maintaining a realistic and viable defense have contilued to
increase. Manpower costs as a percentage of total defense
costs have increased from 43 per cent in 1964 to the current
1976 estimate of 53 per cent (49:7). Operational and main-
tenance (O&M) costs have concurrently grown in magnitude
while research and development costs have remained relatively
constant over the last five years. Procurement dollars, as
a result, have been reduced significantly (41).
The’Department of Defense is now at the point where
additional force reductions cannot be made without altering
the balance of forces vis-a-vis the Eastern Powers (4:8).
Since the military force structure is considered to be at a
minimum level, military managers need to strengthen the
force structure through more efficient use of people and
resources. Managers at all levels should consistently seek
new and better ways to accomplish and efficiently support

the mission through minimum resource consumption.

Corrosion.--Corrosion has been long recognized as a
major factor in reducing the effective life span of facili-
ties, equipment, and materiel. Shortened equipment life
span, corrosion damaged eguipment, and the prevention and
control measures used to combat corrosion represent unrecov-
erable economic losses for the consuming public.

In 1970, Bosich estimated the annual economic loss
in the United States as a result of corrosion to be $20 bil-
lion (3:1). Replacement costs for automobile mufflers

irreparably damaged by corrosive agents were estimated in
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1973 at an annual cost of $100 million (30:1). Similar large
sums of money have been expended by industry to prevent and
control corrosion. Professor Herbert H. Uhlig, Department

of Metallurgy and Materials Science, Massachusetts Institute
of Technology, corroborated the magnitude of the sums in a
keynote address before the 1972 Tri-Service Conference on

Corrosion. He stated that:

Pipeline maintenance reaches the order of many
hundreds of millions of dollars annually. Protec-
tion of steels by paints requiring frequent renewal
drains the economy in the order of billions of dol-
lars annually ([30:1].

The impact of corrosion is no less significant for

the Air Force. The Air Force Inspection and Safety Center
(AFISC), located at Norton Air Force Base, California, esti-
mated in July 19875 that the efforts to deter aircraft corro-
sion and to repair aircraft damaged by the corrosion process
were costing the Air Force $1 billion annually (37:21). The
magnitude of the impact on Air Force equipment is extensive
both in terms of dollar cost and operational effectiveness.
Recer.tly, for example, the repair of structural damage to

the wing of one series of aircraft, as a result of corrosion,
cost as much as the original wing (47:13). Corrosion repair
costs for the C-141 in fiscal year (FY) 1974 were approximately
$8 million, and an identical amount was projected for repair
of corrosion structural damage to the B-52G series aircraft

for FY 1975 (37:21).

The dollar costs illustrated above reflect unrzcov-

erable losses due to actual corrosicn damaged equipment. The

S
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O&M costs for control and prevention of corrosion are also
of considerable magnitude. In FY 1975, the Air Force spent
an estimated $500 million for corrosion inspection, treat-
ment, and overhead costs (21). 1In some operational units,
the corrosion control function consumed as much as one half
of the unit funding for consumable supplies (47:13)

In view of the reduction of the real purchasing power
of the defense budget and rising costs of resources, "an
organized, ccordinated effort is required to combat corro-
sion and reduce its effects on Air Force systems and equip-
ment {27:21]." This effort should come through management
innovation and efficient utilization of resources. A con-
siderable amount of expertise has been channeled intc corro-
sion research and technical and engineering studies (30;
47:14) furnishing the manager and corrosion specialist with
methods for arresting the corrosion control process. The
technical expertise for corrosion control and prevention on
equipment at base level is adequate; the key issue is now
efficient management of resources.

The Inspector General of the United States Air Force
has summed up the problem quite well:

Corrosion is one major wear-out phenomenon which

significantly influences the cost of ownership of
Air Force systems. This problem is neither new nor
unigue to Air Force equipment; however, it must be
faced and solved more effectively than it has been
in the past. If programs are to succeed in this era
of high and growing operating and support ccsts,
managers must be aware of the long-term cost impli-
cations of corrosion, as well as interested in the

prevention and solution of these problems. This
problem is too important to be left solely for
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corrosion engineering spec:ial:
agement must involve itsel: o
problems raise [47:13].

Although corrosion attacks wood, leatnher, cloth,
plastics, and other materials in addition to metal, it is
probably the corrosion of metal with which most people are
familiar. Considerable time, effort, and supplies are
expended daily in the Air Force washing, waxing, sanding,
touching up, and repainting equipment to prevent or control
corrosion. , Maintenance work centers are tasked by technical
directives to perform corrosion preventive actions upon
equipment for which they are accountable and/or required to
maintain (38:1.2). The result is that highly trained spe~
cialists in a variety of fields can be found at any given
time on most Air Force bases performing corrosion preventive
maintenance rather than the particular work for which they
were trained.

This suggests that perhaps it might be more effi-
cient if a single work center were available to perform all
the corrosion preventive actions presently performed by var-
ious maintenance work centers. Such a work center would
permit specialization in corrosion control and prevention
activities and would, in effect, increase specialization in
the maintenance work centers by reducing the scope of the
maintenance performed by the maintenance work center special-
ists. At this point, one might ask why specialization would
have anything to do with efficiency. The answer lies in the

concept of economies of scale.

s L i




Economies of Scale.--Americans have long been famil-

iar.with the idea of economies of scale (22:162), that is,
that larger firms can produce a product at less cost than
smaller firms. It would appear almost an American tradition
to equate "bigger" with "better." While tradition cannot be
labeled absolute truth, economic theory and studies and
examples from American and foreign industry (18:230,257,264)
have provided a certain amount of scientific support for the
idea. ’

Traditional econcmic theory teaches that, for a
given firm or producer of some output, short-run costs per
unit of output decrease as output increases up to some guan-
tity of output and then begin to increase (18:226; 25:97).
The term "short-run" implies that some cost factors are
fixed, such as buildings or long-lived equipment (25:99).
Graphically, this relationship between cost and output is
shown as a "U" in Figure 1.

In the long-run, however, fixed cost factors become
variable. For example, a firm may acguire largyer facilities,
automated machinery, production line specialists, and so
forth. At this point, economies of scale enter the picture.

Economies of scale involve the argument that a
larger firm has cost advantages partially or totally unavail-
able to a smaller firm (18:257-259)., A small firm, in order
to prcduce the same guantity of output as a large firm, may
strain its plant capacity to the point of costly ineffi-

ciency. A small firm may not be able to use as much raw




Fig. 1. Short-Run Average Cost Curve
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Fig. 2. Long~Run Average Cost Curve
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material as a large firm and thus be unable to take advan-

tage of bulk purchase discounts. A large firm may have
large, automated machinery to mass-produce some output; but

a small firm producing the same type of output might not be

Z
1
y

able to afford the high, fixed cost of such machinery. A

production specialist might be able to perform some task

more quickly and/or with less waste than a nonspecialist,
or the specialist might be essential to some cost-saving
process. Large firms could afford to employ such special-
ists, but a small firm might only be able to afford the
services of half a specialist, a patently impossible situa-
tion. There are, of course, many other, similar examples;
but these should serve to illustrate the basis of the argu-
ment for eccnomies of scale. Eventually, however, a point
is reached where the possibilities of economies of scale are
axhausted; and at that point increases in scale serve only
to increase average cost for any specified level of produc-
tion. Figure 2 depicts this relationship.

There is no universal agreement that short-run cost §
curves do in actual fact follow a "U" shape (18:230,262).
Some empirical studies have indicated that short-run costs ?
are linear and that the short-run cost curves appear "L"
shaped. Haynes pointed out, however, that, even if the
short-run cost curves are "L" shaped, the argument for

long-run economies is not invalidated (18:262).

Assuming, then, that economies of scale do exist,

at least in some industries or areas of production, will
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economies of scale alsc exist in the "industry" of corrosion
prevention and control on an Alr Force base? If the work
centers mentioned in the previous section could be charac-
terized as small firms with only a portion of their indi-
vidual outputs in the form of corrosion prevention, then it
might be possible that consolidaticn of the separate corro-
sion preventive activities could result in production of the

same quantity of output at a lower cost.

-

Objective

The objective of this thesis is to investigate the
possibility that a consolidated corrosion control work cen-
ter could accomplish for less cost, due to economies of
scale, the corrosion control activities presently accom-
plished in the following areas:

l. Transportation Squadron (TNS) Vehicle Maintenance
Branch,

2. Field Maintenance Squadron (FMS) Aerospace Ground
Equipment (AGE) Branch,

3. Organizational Maintenance Squadron (OMS)
Non-Powered AGE Section, and

4. Munitions Maintenance Squadron (MMS) Egquipment
Maintenance Branch (or Section).

The cost effectiveness of the consolidated work cen-
ter will be contrasted with the cost effectiveness of the
corrosion control and prevention activities of the separate

functions.
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Research Question

On an Air Force base owning, operating, and maintain-
ing motor vehicles, aerospace grounc eguipment, and munitions
trailers and handling equipment, would corrosion control
maintenance performed by a consolidated corrosion control
facility be more cost effective in terms of manpower than

corrosion control maintenance presently performed a: the work

Centers owning or responsible for the particular equipment?




CHAPTER 2
METHODOLOGY

Introduction

The econamic theory of long-run costs which is con-
cerned with economies of scale gave rise to the supposition
that a consolidated corrosion control work center might be
more cost effective than separate work centers performing
corrosion control and corrosion preventive activities in
conjunction with other maintenance. The actual existence
of economies of scale can be discovered or supported by the
process of trial and error or by empirical studies. In the
former instance, the usual approach is to estimate cost dif-
ferences due to plant size and production output based upon
experience in order to determine what scale of operation
permits greatest output with lowest cost per unic of pro-
duction. In the latter instance, generally, cost data cov-
ering a single period for several plants or organizations
of diffarznt sizes producing the same product are compared
to determine if increasing scale of operation results in
greater output with lower cost per unit of production
(18:263,267). Unfortunately, there does not appear to
exist a method to test or demonstrate the existence of
economies of scale when applied to a hypothetical situation.
This lack means that, although it may be suggested that the

14




theory of economies of scale applies to the idea of a con-
solidated corrosion control work center, the sucgestion can-
not be tested by statistical or mathematical methods.

Since it is not possible to test whether a consoli-
dated corrosion control work center would be more cost
effective than the present, separate work centers, an attempt
is made to draw support for this proposition through logical
inference, analogy to examples in industry where economies
of scale are strongly suggested, and application of some of
the underlying reasons supporting the theory of economies of

scale.

Definitions
Six technical terms used throughout this paper are

defined as follows:

Term Meaning
Action Taken Code (ATC) A code used in the U.S. Air

Force Maintenance Data
Collection System which rep-
resents the description of
what action or actions were
1 taken to correct a defect or
defects (40:11-1).

Corrosion In general, deterioration of
a material caused by an elec-
trochemical reaction with the
environment; usually associ-
ated with rusting of metals.

Corrosion control and cor- Maintenance actions involving

rosion preventive activities wiping, washing, cleaning,
waxing, sanding, waterproof-
ing, and painting.
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Term Meaning
Corrosion work centers Work centers which perform

corrosion control and corro-
sion preventive activities
as a part of, or in addition
to, other maintenance, i.e.,
a Transportation Squadron
Vehicle Maintenance Branch,
a Field Maintenance Sgquadron
Aerospace Ground Egquipment
(AGE) Branch, an Organiza-
tional Maintenance Squadron
Non-Powered AGE Section, and
a Munitions Maintenance
Squadron Equipment Mainte-
) nance Branch (or Section).

How Malfunction Code (HMC) A code used in the U.S. Air
Force Maintenance Data Col-
lection System which repre-
sents the description of a
defect or malfunction in
eguipment or systems
(40:11-35).

Man~hcur An expression of time spent
upon a job or jobs by one or

more persons, the sum of
which equals one hour.

Population

The basic reason for examining the gquestion of a
consolidated corrosion control work center is to determine
if current corrosion ccntrol activities can be accomplished
at a lower dollar cost. Any comparisons or arguments
attempted, then, should logically be in terms of dollar
cost.

To determine and compare all costs involved in a
corrosion control operation for a conscliidated work center

with all costs of corrosicn control and corrosion preven-

tive activities of the four corrosion work centers under
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consideration would be a job of such magnitude as to far
exceed the scope and time constraints of this research.

For example, a comparison of the cost of utilities might be
desired, but the corrosion work centers perform maintenance
other than corrosion control and prevention; and the prob-
lem would then arise as to how to determine what portion

of the total cost of utilities for the work center under
consideration should be applied to corrosion control and
corrosion preventive activities. Additionally, there is
doubt as to whether the total cost of utilities for any

one wnrk center could be separated from the total cost of
utilities fcr all work centers in one general location.
Another example might be the desirability of comparing th=2
cost of transporting vehicles and AGE from the owning work
center to a consolidated corrosion control work center with
the cost of transportation prior to establishment of the
consolidated work center. To make this comparison, the
location of the consolidated work center would have to be
determined. The locations of a consolidated corrosion con-
trol work center, however, would vary among Air Force bases
due to the various physical layouts of the bases; and, as
will be seen in the section on data collection, more than
one Air Force base will be considered. Even if only one
base were to be considered and a location for the consoli-
dated work center established, the usual location of each
vehicle and the distance to the vehicle maintenance work

center and to the consolidated work center would have to
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be determined. Again, it is anticipated that the time con-
straints for this research would be exceeded.

In order to avoid the difficulties described, and
possibly others, consideration of costs was limited to that
of capital investment costs for facilities and specialized
equipment, man-hour expenditures which could be reasocnably
expected to have arisen from corrosion control and corrosion
preventive activities, and projected man-hour expenditures
for a consolidated corrosion control work center. The popu-
lation, then, consisted of the man-hours expended in corro-
sion control and corrosion preventive maintenance incurred
by the powered AGE work center, non-powered AGE work center,
vehicle maintenance work center, and munitions equipment
maintenance work center on an Air Force base. Bases were
limited to those in the continental United States which had
at least one Strategic Air Command (SAC) Bombardment Wing,
one Field Maintenance Squadron, one Organizational Mainte-
nance Squadron, one Transportation Squadron, and one Muni=-
tions Maintenance Squadron. A list of these bases is
contained in Table 1.

Design to Answer the
Research Question

Due to the inability to test the proposition that a
consolidation of corrosion control and corrosion preventive
activities on an Air Force base would benefit from econo-

mies of scale in the form of lower costs, an attempt is




made to suggest the probability of realizing economies of

scale through consolidation. Three approaches are used.

TABLE 1

List of Bases

Base Base
Barksdale AFB, LA Kincheloe AFB, MI
Beale AFB, CA Loring AFB, ME
Blytheville AFB, AR March AFB, CA
Carswell AFB, TX Mather AFB, CA
Dyess AFB, TX Minot AFB, ND
Ellsworth AFB, SD Pease AFB, GA
Fairchild AFB, WA Plattsburg AFB, NY
Grand Forks AFB, ND Robins AFB, GA
Griffiss AFB, NY Seymour Johnson AFB, NC
K. I. Sawyer AFB, MI Wurtsmith AFB, MI

l. Arguments are advanced to demonstrate that con-
solidation of corrosion control and corrosion preventive
activities would permit realization of some of the underly-
ing factors of the theory of econcmies of scale. Haynes
listed a variety of factors supporting the theory of econo-
mies of scale (18:257-258). His list appeared to apply in
general to business and industry and included such factors
as economies of large-scale finance and economies in sales
due to increased market information and advertising. Fac-
tors such as these would be difficult, if not impossible,
to equate :t0 a corrosion work center which is not concerned
with large-scale finance or sales; however, other factors
listed by Haynes appeared quite applicable (see Table 2).

Selection of the factors in Table 2 was a judgment decision




20
on the part of the researchers and was based upon perceived
congruence of those factors with the corrosion control and
corrosion preventive activities listed in the section on

definitions.

TABLE 2

il G

Pactors Underlying Economies of Scale

A, Practicality of employing specialists.

B. Practicality of purchasing large, specialized machines
or equipment due to volume of work. 3

C. Ability to use production line or continuous process /
methods due to volume of input. )

D. Ability to stabilize workload and workflow due to vol-~
ume of input.

2. Two types of businesses or firms which perform
corrosion control or corrosion preventive activities as a |
service, either exclusively or as one of a range of serv-
ices, were identified based upon the similarity of their
service(s) to the corrosion control and corrosion preven-
tive activities of corrosion work centers on an Air Force ;
base. Identification of the types of businesses or firms
was a judgment decision on the part of the researchers.
The two types are auto laundries and auto painting shops.
A sample of convenience of the businesses or firms was
selected. The data cbtained are examined to determine
whether economies of scale appear to exist, and parallels

are drawn wherever possible to Air Force corrosion work
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centers. Examination consists of a comparison of monthly
average cost by volume plotted for each firm in the sample.

3. A manpower model of a consolidated corrosion
control work center for the classes of equipment considered
in this research was constructed, and its projected man-hour
expenditure is compared with the total sum of the average
man-hour expenditures of the corrosion work centers in the
sample. The model was constructed as follows:

,a. The heart of the model is a scheduled work-
flow. Into this schedule, three classes of equipment were
input: powered AGE, non-powered AGE,l and motorized general
purpose vehicles. Each class of equipment in the scheduling
function is represented by a theoretical average unit.

b. Two classes of jobs are processed by the
model: complete corrosion rehabilitation and localized
corrosion control and prevention.

¢. Units of work and corresponding job stand-
ards were developed by the researchers and incorporated into
the model.

d. The scheduled workflow is a composite of
complete corrosion rehabilitation and localized corrosion
actions. The assumptions driving the schedule of work

accomplished were developed by the researchers.

lrhe equipment maintained by the Equipment Mainte-
nance Branch of the Munitions Maintenance Squadron was
classified as non-powered AGE for treatment in the manpower
model.
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Data Collection

The quantity of vehicles, powered and non-powered
AGE, and munitions trailers and munitions handling equip-
ment (MHE) possessed and/or maintained by the corrosion
work centerxs in the sample was obtained from each work cen-
ter.

Man-hours expended by each corrosion work center in
the sample except for the vehicle maintenance work centers
were extracted from two sources:

1. The Maintenance Data Collection (MDC) System
(LOG-MMO (AR) 7142 data tapes) at Headquarters Air Force
Logistics Command (AFLC) and

2. The production analysis staff function for the
Deputy Commander for Maintenance (DCM) at each bhase identi-
fied in the sample plan.

Data for corrosion control and corrosion preventive
activities during Calendar Year (CY) 1975 were collected in
the form of the number of man-hours expended and units sup-
ported by the work centers under consideration. Since the
corrosion work centers performed maintenance activities
other than corrosion control and prevention, it was neces-
sary to establish controls to insure only data relating to
corrosion control and prevention were collected.

It is the assumption of the researchers based upon
observation that not all corrosion control actions are spe-
cifically recognized or identified as such. Many such
actions are often perceived as merely cosmetic or good

housekeeping actions. Accordingly, corrosion control

actions were identified by matching selected How Malfunction
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Codes (HMC) with selected Action Taken Codes (ATC) for each
item of equipment upon which work was performed. For exam-
ple, the man-hours expended by an AGE work center upon an
air compressor wiring harness with an HMC meaning "nicked"
and an ATC meaning "replaced" would be rejected as not
being corrosion maintenance; on the other hand, the
man-hours expended upon an air compressor with an HMC mean-
ing "nicked" and an ATC meaning "repaired" would be assumed
to be corro§ion in the form of spot painting and would be
accepted as a datum. Corrosion preventive actions are
linked to man-hours in the same manner. For example, the
man-hours used by an AGE work center in cleaning or washing
a BT-400 heater might be linked with an HMC of 230 (dirty)
and an ATC of V (cleaned). This maintenance action would
then be defined as corrosion prevention and accepted as a
datum. The selected HMCs are listed in Table 3, and the
selected ATCs are listed in Table 4.

The MDC data bank at Headguarters AFLC does not
include General Support Code (GSC) 02000 man-hour exvendi-
tures. General Support Code 02000 includes corrosicn pre-
vention data and is defined as follows:

Aircraft cleaning, includes washing,2 decontami-

nation, snow and ice removal, frost, vacuuming,
wiping, polishing, <cleaning and treating of equip-

ment to prevent corrosion. NOTE: Do not use code
for treating corroded parts [50:XII-004].

2Emphasis by underlining is provided by researchers.
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The production analysis work center at each sample base was

contacted via telephone by the researchers and requested to

provide CY 1975 GSC 02000 data for the corrosion control

work centers identified in the sampling plan.

TABLE 3

How Malfunction Codes

Code Meaning

910 Chipped

170 Corroded, mild to moderate

667 Corroded, severe

116 Cut

846 Delaminated

117 Deteriorated

230 Dirty, contaminated, or saturated by foreign material

425 Nicked

520 Pitted

865 Protective coating, sealant defective

935 Scored or scratched

TABLE 4
Action Taken Codes
Code Meaning Notes

F Repair Not to be used for "on equip-
ment" work if another code
applies. When it is used in
shop environment, this code will
denote repair as a separate unit
of work after a bench check.
Shop repair includes cleaning.

v Clean Includes acid bath, sand blast,
and degrease.

z Corrosion repair Includes cleaning, priming, and

painting of equipment which is
already corroded.
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Man-hours expended by vehicle maintenance work cen-
ters are not available through the Maintenance Data Collec-
tion System. Man-hours expended for corrosion maintenance
by the vehicle maintenance work centers in the sample were
obtained by direct communication with the Reports and
Analysis Sections of the respective transportation sgquad-
rons.

The validity of the data on man~hours expended is
dependent upon the ability of the controls to isolate cor-
rosion maintenance man-hours. It is assumed that some data
will be included which should be excluded and that other
data will be excluded which should be included due to the
inability of the controls to detect inconsistencies by
individual workers in coding and recording like maintenance
actions. Accordingly, the data on man-hours is summed
under the assumption that the overall effect of invalid
data included and valid data excluded is approximately zero.
The quantity «f vehicles, powered and non-powered AGE, and
munitions trailers and MHE is averaged in order to establish
a theoretical average poél of equipment upon which to base
a schedule for flowing equipment through the manpower model.

The data on average cost and quantity of output for
the selected firms or businesses were obtained directly from

the firms or businesses in the sample.

Sample Plan
Barksdale AFB, Dyess AFB, Ellsworth AFB, Pease AFB,

and Robins AFB were randomly selected as the sample bases
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using the Air Force Institute of Technology (AFIT), School
of Systems and Logistics (SLG) Computer Program, AF.LIB/
RNDSMPL (1:6-29).

Five auto laundries and three automotive paint
shops were chosen for comparison with corrosion work cen-
ters. These firms were selected from the 1976 issue of the

Ohio Bell Teiephone Directory for Dayton, Ohio, and Vicinity.

The researchers deliberately chose firm size and output such
that the data would permit examination of economies of scale.
The selection was a sample of convenience and was made from
those firms located within the vicinity of Wright-Patterson

Air Force Base, Ohio.

Assumptions

1. The underlying factors of the theory of econo-
mies of scale listed in Table 2 are valid and can be
applied to U.S. Air Force corrosion work centers.

2. The controls established for isolating data
relating to corrosion control and corrosion preventive
activities are generally effective.

3. Inconsistencies in coding and recording data
will result in the collection of some invalid data and the
omission of some valid data.

4. Averaging the data will tend to reduce the net
effect of including invalid data and excluding valid data

toward zero.
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Limitaticns

1. Results obtained cannot be tested, and tnhe
research question cannot be proven conclusively except by
actual experimentation with a consolidated corrosion con-
trol work center.

2. The physical location and the management struc-
ture of a consolidated corrosion control work center were

not considered.




.

CHAPTER 3

LOGICAL ECONOMIES

Work Center Primary Function

It was earlier stated that corrosion work centers
perform corrosion preventive activities as a part of or in
addition to their primary functions. In the next few sec-
tions, the primary functions of these corrosion work cen-
ters are examined to see what it is they do and why or how
corrosion preventive activities might logically be a part
of their primary functions. Air Force Manual (AFM) 39-1,

Airman Classification Manual, which describes the duties

and responsibilities of airmen by Air Force Specialty Code
(AFSC), was used as the basic source in arriving at a
description of the primary functions of corrosion work cen-
ters. In two cases, however, it was also found necessary
to draw upon the maintenance experience of the researchers
due to the fact that there exists no specific AFSC for the
functions performed. It is likely that many who are unfa-
miliar with the particular work centers in question will
find the descriptions almost intuitively obvious from their
own experience with similar work centers, either in the

military or in civilian business and industry.

23




29

FMS AGE Branch.--A Field Maintenance Squadron (FMS)

Aerospace Ground Equipment (AGE) Branch is primarily con-
1 cerned with maintenance of powered equipment used in direct
support of aircraft, systems, or subsystems (33:A21.25). It
alsc provides servi.ing of the equipment with fuel, oil,
etc., and delivery uita - ckup of the equipment to and from
users. The equipment consists of such things as
motor and engine driven generator sets, air com-
pressors, hydraulic-pneumatic sets, air conditioners,
heaters,, exhaust and cooling equipment, and test
stands [33:A21.27].
Maintenance consists of actions such as periodic and special
inspections, test operating, trocubleshooting, repair, over-
haul, assembly replacement, adjusting, and modifying equip-
ment. AGE mechanics receive on-the-job training in
principles of electrical, electronics, heating,
refrigeration, pneumatics, hydraulics, internal com-
bustion engines and small gas turbines as applied
to aerospace ground equipment, and use of applicable
technical publications, blueprints, diagrams, mate-
riel, and maintenance control procedures . . . .
Completion of a basic aerospace ground equipment
maintenance course is desirable [33:A27.27]

and is the rule rather than the exception in the case of

military personnel.

OMS Non-Powered AGE Section.--The personnel assigned

to an Organizational Maintenance Squadron (OMS) Non-Powered
AGE Section are, as a rule, aircraft maintenance technicians

or specialists (AFSC 43lxl).l For this reason, AFM 39-1

lThe x represents the number 3, 5, or 7 which is a
skill level indicator.
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is not extremely helpful in determining the work performed
by the Non-Powered AGE Section as the job descriptions in
the manual concentrate upon the aircraft maintenance aspect
of Lhe duties of the aircraft maintenance specialist and
technician. Some information, however, can be extracted
from the manual.

Air Force aircraft maintenance personnel are required
to operate, in:.ect, repair, maintain, troubleshoot, service,

and modify aircraft and related aercospace equipment, includ-

ing non-powered ground equipment (33:A22.9,A22.11). From
this job description, it may be deduced that the Non-Powered
AGE Section is, as a minimum, responsible for the inspection,
repair, maintenance, troubleshooting, servicing, and modifi-
cation of non-powered AGE. Other responsibilities include
maintenance of equipment records and maintenance data docu-
mentation and reporting (33:A22.9). The maintenance experi-
ence of the .:2searchers confirms the deducticn. Examples

of non-powered ground equipment are maintenance stands,

jacks, and towing units (33:222.9).

MMS Egquipment Maintenance Branch.--The personnel

assigned to a Munitions Maintenance Squadron (MMS) Equip-
ment Maintenance Branch (or Section) are generally muni-
tions maintenance specialists. Here, again, AFM 39-1 is
not very helpful in determining the work performed by the
branch; and much reliance is placed upon the maintenance
experience of one of the researchers who is a munitions

officer. The job descriptions in AFM 39-1 are primarily

AA
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centered around activities involving inspection, mainte-
nance, storage, build up, and delivery of munitions (33:
A24.5,A24.7); but, as in the case of the OMS Non-Powered
AGE Section, some information can be gleaned from the
manual.

Munitions Maintenance personnel are responsible for
the maintenance and reconditioning of handling equipment.
Reconditioning consists of straightening, sanding, clean-
ing, and replacing defective or damaged parts (33:A24.5,
A24.7). With the exception of certain specialized items
of equipment maintained by the owning work center, the
Equipment Maintenance Branch is responsible for the mainte-
nance and reconditioning of handling equipment (45:7.1).

Of primary interest to this research are the large items

of handling equipment such as bomb trailers. Maintenance
of bomb trailers includes inspection, repair, adjustment,
replacement, and modification of componants such as tires,
brake assemblies, hydraulic assemblies, &nd electrical sys-

tens.

TNS Vehicle Maintenance Branch.--A Transportation

Squadron (TNS) Vehicle Maintenance Branch is primarily con-
cerned with maintenance of specialized and general purpose
vehicles and base vehicle equipment (33:A25.2). Maintenance
consists of actions such as inspecting, testing, trouble-
sheooting, and analyzing

the vehicle engine mechanical systems; crank-
case ventilating systems; exhaust emission and

45



32
anti-pollution systems; lubricating, cecoling, air
conditioning, and exhaust systems; engine electri-
cal systems; engine fuel-air system; and power
train, brakes, steering and suspension systems
{33:A25.13].

Maintenance also includes inspection and repair of vehicle
body and frame damage, entailing straightening, welding,
cleaning, painting, cutting, sanding, and grinding (33:
A25.15). Vehicle maintenance and body mechanics receive
on-the-job training; and basic maintenance courses are
desirable, put not required (33:A25.14,A25.16).

Corrosion Control/
Prevention Reguirement

Requirement.--Technical Order (T. O.) 1-1-2, Corro-

sion Prevention and Control, states that fighting corrosion

is the responsibility of all workers, supervisors, and man-
agers (38:1.1). Technical orders for specific equipment
include instructions for corrosion prevention and control
(38:1.2). Maintenance supervisors are specifically enjoined
to insure a corrosion control program is maintained within
their spheres of responsibility (43:3.1;44:3.1:;45:3.1).

Job descriptions for several AFSCs make specific reference
to corrosion contrel and prevention responsibilities (33:
A21.25,A22.9,A25.13, and others). There are numerous other
examples; but those given bear witness to the fact that the
Air Force has directly and specifically charged its workers,
supervisors, and managers to concern themselves with corro-

sion control and prevention.
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i Execution.--The basic methods employed by corrosion
work centers in combating corrosion are cleaning, washing,
and painting (36:1.1;34;1.1). Facilities and equipment for
cleaning, washing, and painting vary by work center and by
base, ranging from a water hose and brush to an automated
car laundry and from an aerosol paint spray can to a paint-
ing booth. It is suggested that, in the majority of cases,
the facilities and equipment available to corrosion work
centers for cleaning, washing, and painting are minimal.
Researcher experience and contact with the bases in the
sample would seem to support that suggestion (5;12;19;29;53);
and, too, the suggestion would seem reasonable in light of
the fact that corrosion control and prevention activities
constitute but a fraction of the maintenance responsibili-
ties of corrosion work centers as previously described. It
is suggested, then, that performance of corrosion activities
by corrosion work centers is accomplished manually and in

small quantities over a period of time.

Economies of Scale

In Table 2 on page 20 are listed some of the factors
underlying economies of scale. The common denominator behind
all of the listed factors would seem to be volume of produc-
tion. The idea would appear almost intuitively obvious. An
artist spends many hours, days, and weeks producing a single
painting. The volume in this instance is low, and the price
(or cost to the consumer) is frequently high. On the other

hand, a reproduction of a masterpiece can be purchased for a
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relatively low price. In this case, machinery and mass
production techniques are used to produce high volume in
a short period of time.

It has been hypothesized that corrosion work cen-
ters individually produce a low volume of corrosion control
and prevention output. It has been suggested that this
work is accomplished primarily with limited facilities and
equipment. If this be the case, then corrosion work cen-
ters might pe considered as small "firms" producing the
same output: corrosion control and prevention. Because
of their small size (or scale), they are unable to afford
specialized, mass production equipment; and they are not
able to "hire" specialists. In addition, some slack time
in the form of time required for personnel relocation and
setup time occurs each time a worker is moved from mainte-
nance production to corrosion production and vice versa.

If the short-run average cost curves of these small "“firms"
were to be plotted on the same graph, their relationship
with one another would appear similar to the relationship
of the first two short-run average cost curves from the
left in Figure 2. On the other hand, combining the corro-
sion control and prevention responsibilities of the corro-
sion work centers and placing them with a single work
center dedicated to the sole purpose of corrosion control
and prevention might resuylt in a volume of work sufficient

to justify special facilities and equipment. This single

work center might be viewed as a large firm producing

o e -
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corrosion control and prevention. Because of its large
scale, it would be able to afford large, specialized equip-
ment such as automatic vehicle and equipment washers; high
capacity, multiple paint sprayers; and dryers.

High volume and facility scale would make feasible
a product layout facility which would have the effect of
stabilizing workflow through production line techniques,
minimizing slack time, and allowing specialization of
labor (8:111,119). This large "firm," a consolidated cor-
rosion control and prevention work center, would be able to
produce the same volume of output as the smaller "firms"
combined and at a lower average ccst per unit through its
ability to purchase specialized machinery, "hire" special-
ists, utilize production line techniques, and stabilize
workflow. The short-run average cost curve of this large
firm, compared with the short-run average cost curves of
the smaller firms, would be similar to the relationship of
the third short-run average cost curve in Figure 2 with the

two higher curves to the left.

Summary

Corrcsion work centers have a multitude of mainte-
nance functions, one of which is corrosion contrcl and pre-
vention. It is possible, and indeed seems likely, that
corrosion maintenance produced by these work centers is low
in volume and relatively high in average per unit cost in

terms, at least, of man-hours. Consolidation of corrosion
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maintenance responsibilities under a single, specialized
work center would possibly create sufficient volume of work
to justify specialization of personnel; use of specialized
equipment, machinery, and facilities; and product layout
techniques and principles. The result of such a consoli-
dation could logically be expected to be a higher output at

a lower average cost per unit.
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CHAPTER 4

CIVILIAN INDUSTRY DATA

Introduction

The theory of economies of scale, discussed in
Chapter 1, suggested that a consoclidated corrosion control
facility miéht be able to produce, at a lower average cost
per unit, the same or greater output as the various corro-
sion work centers combined. Two industries, auto laun-
dries and auto painting, were selected for the similarity
of their product to the product of the corrosion work
centers. Auto laundries, as one might expect, wash vehi-
cles; and auto painting shops paint vehicles, either par-
tially, such as a fender from which a dent was removed, or
completely. Corrosion work centers wash, clean, and paint
vehicles, aerospace ground equipment, and munitions trail-
ers. If it could be shown that various sizes of firms
or businesses within the auto laundry industry and the

auto painting industry appear to demonstrate the existence

of economies of scale, then it might be reasonable to
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suppose that economies of scale could also exist in the
corrosion control and prevention "industry" on an Air
Force Base.

In order to examine the two industries for econ-
omies of scale, CY 1975 cost data for five auto laundries
and three auto painting firms were obtained, and short-
run average cost curves were plotted. The curves were
individuali& examined for conformance to the theoretical
"U" shaped curve shown in Figure 1, and the curves were
collectively compared, grouped by industry, to see if they
exhibited different average costs per unit for different
scales of operation. The data are considered proprietary
information by some of the firms, and therefore all firms
are referred to throughout this paper by alphabetical

letter.

Data Presentation

Data Collection.=--Data for the sample firms were

obtained directly from business owners, firm presidents,
and, in two instances of firms with more than one output,
functional managers. A structured interview (see Appendix

A) was used to insure uniformity of data input. Data

requested were (1) the quantity of vehicles processed by
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month in CY 1975, (2) the cost of sales by month, (3) oper-
ating expenses by month, and {(4) fixed costs. Figures for
operating expenses were totals which included items such

as wages and office salaries, advertising, customer prop-
erty damage, equipment base, rent, maintenance and repair,
employee compensation, grcup insurance, insurance, account-
ing and legal fees, taxes and licenses, office expenses,
payroll taxes, telephone charges, uniforms and laundry,
utilities, interest and bank charges, etc. All of the
firms in the sample included the cost of sales in operat-
ing expenses. Data for fixed costs were in the form of
equipment costs and capital improvement or lease costs.

In the case of the three auto painting firms, fixed costs
of owned equipment and buildings were provided in the form
of replacement costs and in the form of lease costs for
non-owned buildings. The auto laundries provided purchase
costs for equipment, capital improvement costs for facil-

ities, and the effective year of each.

Data Derivations.--In order tc plot short-run

average cost curves for the sample firms, it was necessary

to calculate average cost per unit output per month for

each firm. Average cost per unit per month was

e e i
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calculated by dividing total cost per month by the volume
of output for the month (25:124). Total cost per month
was simply the sum of variable cost and fixed cost (25:122).

The variable costs per month used in the preceding
equations were obtained directly from the data collected,
i.e., operating expenses by month. Fixed costs were
treated somewhat differently.

Thé fixed costs of a firm are, in general, those
which do not vary with different levels of production in
the short run. Examples are the cost of equipment, build-
ings, real estate, etc. These costs represent sunk costs
and are, as a rule, recovered over the life of the facility
or equipment by making a periodic charge (depreciation) to
the cost of production (25:126). In the case of the auto
painting firms, fixed costs were obtained from two firms
in the form of equipment replacement costs and lease Costs
and from the third firm in the form of building and equip-
ment replacement costs, thus providing a common base for
comparison. No attempt was made to determine a deprecia-
tion figure for the equipment replacement costs. Rather,

in each case, the full replacement cost was added to the

monthly lease in two cases and to the monthly depreciation
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of the owned facility in the third case. e result-
ing fixed cos+*s were then added to the corresponding vari-

able costs for each month to yield total costs per month

for the three autc painting firms. The physical implica-

tion of this mathematical treatment of equipment replace-
ment :osts is that the three firms purchased new equipment
each month which, of course, was certainly not the case;
however, o;r purpose was merely to examine the relationship
of the resulting short-run average «<ost curves (higher or
lower on the graph with respect to scale), not actual cost
differences. The treatment of the equipment replacement
costs resulted in distorted magnitudes:; but due to the
mathematical properties of inequalities, the treatment did
not change the relationship of the curves.

The fixed costs of the auto laundries were treated
in a manner similar to that of the auto painting firms,
the single difference lying in the treatment of facility
costs. Facility costs for the auto laundries were pro-
vided in terms of capital improvement costs. In this

case, equipment replacement costs were simply added to

lThe monthly depreciation of the facility replace-

ment cost was calculated from a 10 percent depreciation

e factor over a period of 25 years (25:462).
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capital improvement costs to obtain fixed costs; and, as

in the case of the auto painting firms, the fixed cost for
each auto laundry was added to the variable cost for each
month to obtain a total cost. Here, again, curve relation-
ships, but not magnitudes, were maintained.

Two additional mathematical manipulations of fixed
cost data were found necessary. Facility and capital
investment’costs which were incurred during different years
would not be comparable due to inflation of the United
States dollar. Accordingly, the present value (25:377) of
all facility and capital investment costs for the five
auto laundries was calculated in order to obtain a common
ground for curve comparison. Appropria:e compound amount
factors taken from a table of 10 percent discrete iaterest
factors (25:462) were used to calculate present value.

The final manipulation of fixed cost data involved two of
the auto painting firms which produced outputs other than
painting. For these two firms, an estimate was obtained
during the interviews as to what portion of the shop
facility and equipment was used for painting; and these
factors were used tc reduce the fixed costs of each firm to

figures representing fixed costs associated only with

painting output.
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Data Tables.--Tables 5 through 9 depict data
obtained from the sample auto car laundries; and Tables

10, 11, and 12 contain the data from the sample auto paint-

At ne e o

ing firms. The second and third columns contain data col-
lected from the firms, and the fourth and fifth columns
contain figures calculated from collected data as discussed

in the previous section.

Curve Comparison

The points corresponding to average cost per unit
and volume of output were plotted for each month for each
firm. Figure 3 shows the points plotted for auto laun-
dry A. As can be seen in the figure, the points appear to
suggest a parabola (described by the so0lid and dash arcs)
which would agree with the theoretical curve shown in
Figure 1, Chapter 1. Unfortunately, the data did not
yields points indicating increasing average cost per unit
with increasing output; and it is possible, though
extremely unlikely, that average cost per unit might again
begin to decrease with increased output. The plotted points
for the remaining seven firms demonstrated exactly the same

behavior. All of the sample auto laundries were capable !

of processing at least 60 vehicles per hour:; and all were
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TABLE 5
Auto Laundry A
s . . Average
Month iiﬁ?iﬁ? Vaéézile i;iif Cost
P Per Unit
1975
May " 7,021 $ 5,412 $144,203* $21.31
; Jun 6,079 4,785 24.50
Jul 5,822 5,402 25.790
Aug 5,670 5,971 26.49
Sep 4,176 4,837 35.69
Oct 5,205 6,715 28.99
Nov 5,401 9,630 28.48
Dec 5,794 4,037 25,59
1976
Jan 5,972 $ 4,155 $144,203* $24.84
Feb 9,648 6,744 15.65
Mar 6,013 8,449 25.39

*Amount remains the same for all months.




TABLE 6

Auto Laundry B
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Month Vehicle Variable Fixed Az;;i?e
Output Cost Cost Per Unit
1975
May - 5,021 $ 3,917 $176,351* $35.90
Jun 4,541 4,361 39.80
Jul 5,430 4,415 33.29
Aug 4,445 4,700 40.73
Sep 3,251 3,995 55.47
Oct 5,334 5,785 34.15
Nov 2,670 5,226 68.00
Dec 5,183 4,194 34.83
1976
Jan 4,502 $ 4,244 $176,351* $40.11
Feb 5,087 4,572 35.56
Mar 4,988 4,335 36.22
Apr 6,124 5,086 29.63

*Amount remains the same for all months.




TABLE 7

Auto Laundry C
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. . : Average
P Per Unit
1975
May '10,102 $ 7,951 $221,415%* $22.71
Jun 7,923 6,316 28.74
Jul 7,489 11,397 31.09
Aug 5,936 7,239 38.52
Sep 5,192 6,145 43.83
Oct 7,382 6,207 30.83
Nov 7,531 0,486 30.66
Dec 8,418 7,707 27.22
1976
Jan 8,943 $ 8,811 $221,415* $25.74
Feb 11,972 7,359 19.11
Mar 9,896 10,388 23.92
Apr 9,865 11,585 23.62

*Amount remains the same for all months.
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TABLE 8

Auto Laundry D

. . . Average
Per Unit
1975
May “13,083 $ 9,725 $304,221% $24.00
Jun 10,916 7,319 28.53
Jul 9,649 10,893 32.66
Aug 10,064 8,661 31.09
Sep 8,723 7,561 35.74
Oct 10,439 7,099 29.82
Nov 10,821 9,989 29.04
Dec 11,338 9,770 27.69
1976
Jan 12,165 $ 8,823 $304,221* $25.73
Feb 6,172 5,986 50.26
Mar 12,870 10,189 24.42
Apr 13,343 12,695 23.75

*Amount remains the same for all months.




TABLE 9

Auto Laundry E

onth Vehicle Variable Fixed A"forsafe
Output Cost Cost Per Unit
1975
May -~ 5,167 $ 5,149 $202,541%* $40.290
Jun 4,080 4,856 50.83
Jul 4,420 6.145 47.21
Aug 4,920 5,959 42.37
Sep 3,917 4,882 52.95
Oct 4,160 5,184 49.93
Nov 4,417 4,947 46.97
Dec 5,063 6,241 41.23
1976
Jan 6,083 $ 6,588 $202,541~* 34.38
Feb 6,167 5,987 33.81
Mar 4,750 6,956 44,10
Apr 5,250 5,783 39.68

*Amount remains the same for all months.

R,
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TABLE 10

Auto Painting Firm A

Per Unit
1975
Jan ©o12 $1,049.88 $2,000%* $254.16
Feb 9 721.76 302.42
Mar 5 586.53 517.31
Apr 11 808.25 255.30
May 12 840.00 236.67
Jun 11 934.23 266.75
Jul 12 1,258.07 271.51
Aug 11 1,061.31 278.30
Sep 8 865.10 358.14
Oct 12 1,182.50 265.21
N 11 1,179.19 289.02
Dec 12 1,130.43 260.87
*Aamount remains the same for all months.
I - 4




TABLE 11

Auto Painting Firm B

50

Month %ihtipculte Va)é‘ci:;?le Fcioxsetd Avceorsag.e
Per Unit
1975
Jan ° 312 $18,414 $86,469.33* $ 844
Feb 347 18,995 761
Mar 227 17,305 1,156
Apr 328 14,612 792
May 246 14,1973 1,054
Jun 328 19,851 807
Jul 326 16,476 802
Aug 256 19,111 1,032
Sep 327 14,717 794
Oct 328 19,160 805
Nov 362 19,481 731
Dec 308 19,461 859

*Amount remains the same for all months.
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TABLE 12

Auto Painting Firm C

Month ziﬂiii? Vaéé:iles iiii? Az;;;?é

Per Unit

1975

Jan “ 116 $10,000 $61,250* $ 614.22 )
Feb 131 12,500 562.98 o
Mar 201 13,232 371.01 -
Apr 238 14,200 317.02
May 269 15,802 286.44
Jun 202 15,800 381.44
Jul 263 15,800 292.97
Aug 211 21,000 389.81
Sep 228 61,250 360.75
oct 197 21,000 417.51
Nov 142 17,000 551.06
Dec 50 7,800 1,381.00 '§

*Amount remains the same for all months.

AT G
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open for business 18 hours a day, seven days per week.
Simple multiplication showed that the auto laundries would
be capable of the increased output necessary to permit
extrapolation of their short-run average cost curves.

A second degree curve was fitted to the data points
of each firm by multiple linear regression. The regression
was accomplished using the Air Force Institute of Technol-
ogy (AFIT); School of Systems and Logistics (SLG) Computer
Program, SL.LIB/MLREG (1:6.52). Since multiple linear
regression was used to fit a second degree curve, it was

necessary to code the general quadratic equation in the

following manner:

Let ¥ = xpand x? = X2

Then y =a + bx + cx2

Becomes y = a + bxj t+ <X
Where y represents the average cost per unit, x; represents
the volume of ocutput and x; represents simply the square of
the volume of output. To obtain the values of a, b, and c,
it was only necessary to enter the values for average cost
per unit, the corresponding values for output, and the
squares of the values for ocutput. Table 13 lists the
quadratic equations derived for the short-run average cost

curves of the firms in the sample.

i mEASR SHT b AN s
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The computer program, in addition to calculating
the values of a, b, and ¢, also calculated the coefficient
of determination (R2) which is an indicator of how well
the resulting equation fits the data points (54:350).
Values of R2 approaching one indicate a good fit. In order
to test the unlikely possibility that average cost per unit
might begin to decrease instead of increase beyond the last
plotted datd point of the firms, a third degree curve which
would permit such behavior was also fitted to the data for
each firm using the same computer program. A small increase
in the value of R2 would indicate that the incr=ase in
explanatory power of the resulting cubic equation due to
the addition variable, x3, was smalil or insignificant.
Table 13 lists the coefficients of determination (st) Zfor

the derived quadratic eguations and the increase in st

due to the addition of an x3 term. In all cases, it was
noted that the R2 value was very high indicating excellent
curve fit and that the increase in R2 due to the addition
of an x3 variable was extremely small indicating negligible
significance. All of this strongly supported the a

priori assumption that the short-run average cost curves

of the firms in the sample would follow economic theory.




Analysis

As stated earlier in the chapter, variable/fixed
cost and volume data were gathered from commercial auto
laundries and auto painting firms. The objective was to
demonstrate, if possible, that economies of scale might
exist in industries whose functions are similar to the
tasks to be performed in the corrosion work centers. The
auto laund;ies are examined first.

The short-run average cost curves of the five auto
laundry firms are depicted graphically in Figure 4. The
curves appear to e randomly distributed on the graph which
would initially suggest that economies of scale do not
exist in the exterior car wash industry. It is possible,
however, that the position of the curves in F.gure ¢ is a
function of volume and capital investment rather than
scale. Table 14 lists the capital investment factors for
the auto laundries contained in the sample. Also listed
in the Table is the wash tunnel size of each auto laundry,
capital improvement (construction) costs, eguipment costs,
year of purchase for capital improvements and equipment,
and the manufacturer of the exterior car wash system.

As noted earlier, capital costs consisted of capi-

tal improvements and equipment. Differences of up to 74
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percent in capital improvement and equipment costs are

noted among the five auto laundries. It seems probable that
differences in construction costs could be accounted for

by differences in tunnel size, commercial location, and

the bid let to the building contractor. Similarly, differ-
ences in equipment costs might be a function of the year

of purchase, discounts offered, and, in one case, manufac-
turer. ’

All of the autc laundries included in the sample
process vehicles with a common equipment base consisting
of a high pressure water system, a hot wax/water mixture,
mechanized brushes for scrubbing, an air blower, and a
conveyor. It would appear, then, that economies of scale
could not be expected in the sample of the auto laundry
industry since essentially the same scale of fixed pro-
ductive plant was being utilized by all five firms.

Although the data from the auto laundries do not
indicate the existence of economies of scale for the auto
laundry industry, it does not necessarily follow that
economies of scale do not exist. It is the belief of the
authors, based upon their search for auto laundry industry

data, that the level of automation, specialization of
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effort, and production line methods of the auto laundry
firms in the Dayton area (in other words, scale) have
resulted in cost economies sufficient to eliminate smaller
scale forms of competition such as the local service
station offering a car wash by hand. On the other hand,
it appears that demand has not saturated the production
capability of auto laundry firms in the Dayton area and,
consequentiy, the firms have not been forced through com-
petition to increase their present scale of production
such as through an increase in the number of servers.
Although economies of scale were not seen in the
auto laundry industry, the short-run average cost curves
for the sample firms in the auto painting industry do
suggest economies of scale. The curves are illustrated
in Figure 5. The relationship between the curves of Firms
B and C as shown in Figure 5 indicates that economies of
scale might exist provided that the scale of Firm B is
larger than that of Firm C. The curves indicate that Firm
B is able to produce a larger volume o a product at less
cost that Firm C. From Table 15, Column 4, it can be seen
that the productive plant of Firm B is double that of Firm
C. It is noted that Firm C is lakor intensive and uses

77 percent more floor space than Firm B but produces a
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smaller volume of output (see Tables 1l and 12). The data
and curves suggest that, for this industry, a capital-
intensive production base is more efficient and more
effective than a labor-intensive production base.
Discussion to this point has omitted consideration
of Firm A. From Table 15, it is noted that Firm A is
smallest in scale and, if economies of scale exist, should
exhibit hiéher average costs that Firms B or C. Figure 5
shows this not the case. Firm A is a comparatively small,
two-man shop that operates on a low capital investment in
terms of space allocation, productive plant supplies, and
manpower. Although units are produced at a lower average
cost, the product is not precisely the same as the product
of Firms B and C in that Firm A lacks a drying oven and
cannot produce baked-enamel work. If a drying oven were
to be added to the productive plant of Firm A, that addi-
tion would likely more than double the fixed costs of the
Firm, which would have the effect of driving the average
cost curve higher on the graph or, in other words, increas-
ing the average costs per unit of the Firm. It is specu-

lated that such an increase might be sufficient to place

the short-~run average cost curve upon the long-run average
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cost curve shown in Figure 4 as a dashed arc, and thus
remove the apparent anomaly that is shown in the figure.

If the curve of Firm A may be ignored on the ground that
Firm A did not produce the same product as Firms B and C,

then it would seem possible to suggest that economies of

scale are demonstrated by the sample auto painting firms.




BASE SAMPILE DATA

Introduction

As stated in the section on Data Collection begin-
ning on page 22, the data were collected by direct contact
with the bases in the sample and from the Air Force Main-
tenance Datd Collection (MDC) System at Headgquarvers, Air
Force Logistics Command (AFLC). The data herein presented
are in summary form and separated into subsecticns ccrres-
ponding to the three source types discussed in Chapter Z.
Combinations of How Malfunction Codes (HMCs) and Ac=ion
Taken Codes (ATCs) for which no man-hours were recorded
have been omitted from the tables in order *o Improve

clarity of presentation.

Data Presentation

Vekhicle Data.--Men-hours expended for corrosion

maintenance by the vehicle maintenance work centers in the
sample were obtained by direct commurication with <he
Reports and Analysis Sections of the respective Transpcr-

Yation squadrons. Corrosicn maintenance consisted of

\N

i
N

painting plus necessary preparatory work [3;12;19;29;

The data appear in Table 15.

R i BAS e e

N AR e e

.
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TABLE 16
. Vehicle Data
Contract Venhicles

Base Man-Hours Man~Hours Supported
Dease 2451 ,20 95C.87 495
Dyess £16.00 3.0C 543
Barksdale 1158.00 C.cC 509
Ellsworth 233,33 0.0 857
Robins 3870.00 C.2C 68C
Total 9328.53 950.67 3184

Grand Total: 10,279.2
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GSC_020C0 Data.--Genseral Suppors Jode (GSC) CZCCC

nan~pour data and average number of Aerospace Ground Zguip-
ment (AGE) supported {assigned) were obvwained directly from
the bases in the sample (5;8;10;13%;%4). The man-hour daza
for the Munitions Maintenance Squadron {(MMS) Equipment
Maintenance Branches at Robins Air Force Base (AFR) arnd

Pease AFB were not availablzs. Munitions Maintenance

Squadron (MMS) AGE corrosion maintenance a*t Robins AFB was

3

Ue)

ecticn

0]

o
=]

"

accomplished as a part of scheduled equipment i
and was recorded together with inspection man-hours under
different codes (7). The type of aircraft supported at
Dyess AFB did not require an MMS Eguipment Maintenarce
Branch.(13). The large number of units supported b7 *the
MMS Equipment Maintenance Branch at Barksdals AXS was a
result of a squadron policy which shifted work normally
performed by work centvers ownirg various eguipment So *the

Equipment Maintenance Branch (14) {See Tabls 17).

MDC Data.--MDC data were obtaired Ifrcm Zg AFLC.
Twenty-two combinations of HMCs and ATCs (see Datles 2
and 4 for code definitions) were selected as rerresenting
corrosion control and corrosion preventive actions and are

shown in Table 18. Tables "G and 2C pertray the data

recorded for the selected code combinations.
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TARLE "8

HMC /ATC Ccombinations

/mc ATC ATC ATC
310 . F Z
170 ) v Z
667 ) v Z
118 Z
846 F Z
117 7 Z
230 v Z
425 )

52¢C F 7 Z
8e> )

935 F 7
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Aralvsis
The man-tours expended on 72Rlclgé 20rTosSicrn main-
senance . Table 1&), at first glance, weull appear o Te

hizhly erratic and suspect. Five expianations are prorcsed:

Y

. ZIZrrors may have existed in the recorded data.

o
&3]

. rTors may have occurred in the collection
and,/or transmission of the data Irom the sources to the
researchers.
3. ifferences may have existed among the vernlicls
corrosion maintenance programs ard/or maragemen® Thereol,
4, Man-nour availability among *the Tases ma7 zave
been a factor.

5. Differences in climate due to the geograpnic

4

1
]
0O
&
€
n
®
fu
f
)l
()

|

location of the bases in the sampie may hav
fering corrosiorn mainvtenance reguirements.
Any one or any combination of the suggestad explanaticrs
night account for the wide variapce in man-hours expenied

by the sample tases. There is no evidence avallable Io

ot

“he resgearchers, aowever, %o support the Iirst Iour sug-
gested explanaticns; and, consequently, -hey nust be
regarded as pure sreculation, On the other nand, che
geographic locaftion of vhe five bases would seem *o

suggest tza®t the man-bour data are ncT completely

[¢1]

unreasonable, Fease AXB is located in

ot

he 37ase of New

. oCre might expec’t increased

Zampshire near The coas

. i s . s :
serresicn due 4o salt alir from che oscear and salts placed

93]

1pcz reads during winser, 3Barksdals AF3 I1s L:icarted iz
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northern Louisiana and Robins AFB is situated in central
Georgla where warm, numid weather cculd be expected <o
increase corrosion. The data Irom Dyess AFR would sesn
fairly reasonable in view of the number of vshicles sup-
vorted and the location of the base in north central
Texas. One might expect the data from Zilsworth AFB to be

slightly greater than that from Dyess AFR due tc the

[

ocation of Ellsworth AFB in western South Dakosa, with
relatively dry climate, and to the larger number of vehicles
supported. However, such was not the casej axd only specu-—
lation about the reascns fcr the disparity is pessible
without closer, on-the-site investigation,

The GSC 02000 data, omitting consideration of all
MMS Equipment Maintenance Branch dasa, would appear con-
sistent when viewed in lightv of the geographical locatiocn
of The bases and the number of units supported. Unlike
the wvehicle corrosion maintsrnance data, the GSC C2C00
data for Ellsworth AFB and Pease iF3 are Zairly equal, as
might be expected. Again, the smallest number of man-kbours
was recorded at Dyess AFB.

The MDC data in Tables 19 and ZC skow 2 marked
difference in recorded man-hours tetween the first six
ancnths of CY¥ 1975 and the las®t six months. Thals difference

nigh* possibly be attribusted tTo seascnal Ziffarences In

. e .y v ~ A Falt ol - - - e - - < T e

weather which could affect cerrosion mainsernarce [primarily
- - N el % ~ -— A - - =
paizting,; and which, as a2 corsgecuencs, may zave Torced

. - . : N At A

snevern scheduling of corresiosn maintenance, The IiiSferznce




might also have been caused by a change in *he

reporving mairntenance da%ta which %took place >n 7 Jul

(17). In view of %he fact that the first

six acnshs

hours between the two halves of CY 1975 was due zncre

change in data reporting format <han to seascnal 4i

in weather.

Table 19 displays two work centers for Fizld Main-

tenance Squadron {FMS) and Crganizational Maintenance

Squadron (CMS) data., This is due to diffsrences ix

reporting by the work centers in the sampl

by trial and error through mulTtiple runs o

using diZferent work center codes *that corrosiocxn malantenance

data for the IS and OMS corrosion work centers were 20
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iata

€. 1T was

I the MIC

Jouxnd

<aves
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always recorded to the periorming work cenver dus rather

were recorded to the parent branch. Arn examples is marn-

hours normally expended by an CMS Norn-powexred AGE Secticn

appearing under the parsens Support Eguipment 3ranch.

Accordingly, Table 19 displays <he data as actually

+

It is rnevertheless possible <o credit the
by the work centers listed ir Table 19 %o
MS anéd CMS3 corrosiorn work centers listed

Standari organizavional diagrams found in

nar-2ours

the appr

o g b p .r 4+ - - = < e -~ - e -
2-Z) clearly show *the equiwvalsrce 27 <he rersroizg

<o *he tarent branca arnd vice Tersa, 1oT

Repair and Izspecsion 3ecsicn 1s 3 sectico

Rehal

ye-

37e




AGE Branch and is, therefore, a part of an MS corrosisn

NOTrK censer.

Table 20 displays the data recoxded by ZMC/AIC

combination and by base. The Two combirations »7 EMC/AiD7

with “he greatest number of recorded man-hours are 23C 7

{(dirty, contaminated--cleaned) with 472.4 man-hours ané

179 Z (corroded, mild %o moderate--corrosion repair) wisz

428,.5 man-hours. The number of man-nocurs identified

specifically as corrosion maintenance was 5¢&2 hours, or

approximately 50.4 per cent of the toral number of maxn-nours

recorded for the AMC/ATC combinations iden+tifiad 57 =z

(1))

researchers as representing corrosion nain

of
[
t3
]
1
Q
W
L]

Tigure of 5C.4 per cent would appear <o zive weight o =ize

assumpsion on page 22 that some corrosicn cornTrol actions

are perceived merely a2s cosmetic or gocd aousekseping acTtilns.

Limitations
The wvehicle corrosion mainterance Zaza presenved
considerable difficulsy. No data were avalilable on zarn-

v

nours expended on wasking vehicles. Iz addition, It was

found impossible <o obtailn corrosion maizterance davta for

CY 1975 for four of “he bases. With one exception, the
data were not envered into a mecharized storzge and
retrieval systesm a7 the sample Ctases, tut rarther wers

recorded uporn individual work crders whlich were malintaine

- . -~ -~ ~ - o . - = —~ - - -
22tins AFB which Il4entified wekicle corrosion malinterance
< N AT o R - ia” -~ 3 I . 3 e g
oz ZY 7275 wich a special ccapuser 2ode >, and zmainTaln
computerized records.

a0
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Vehicle corrosion mainvzenance (complete painming)
at Pease AFB was performed by a civilian contractor. Ike
man-ncur datum for Pease AFB was calculazed from ~<he dollar
amount paid %To the contractor. The dollax figure obtained
for vehicle corrosion maintenance was $3%,565 Zor the Zirss
five months in CY 1976. The Transportatior 3guadron
Executive Officer at Pease AFB indicated (79 ) that *khe
figure of $3,565 was representative of any Jive montk
period; ccasequently, 1t was assumed tkhat the average
amount paid’for vehicle corrosion maintenance‘per montz
(83,565 divided by 5) when multiplied by swelre would yisld
an average, annual doillar amount represensative of tke
amount spent for vehicle corrcsion main%erance for CY 13575,

These calculations were performed, and *the result

ks
09
[\V]
<
[sn
14
[
09
[

annual dollar figure was divided by nine, the conversicn
factor used oy the Air Force To convert dollars spent Ior
all contract maintenance in%to man-hours {(32:424°C.7), %o
obtein the figure for CY 1975 contract man-bours whicz
appear in Table 16.

Additional vehicle corrcsion maintenance was
perrtormed at Pease AFB by the Vehicle Mainvernance Branch
in the form of partial or spot painting. Man-hour data
for the first five months of CY 7976 were ov*tained. As
in the case of convtract dollars, a monthly average was
computed and multipiied by "Z *“c obtain arn zverage Iigure
£or annual man-hour expenditure. it was zssuned “has

several wTariations in mar-nour expendicure Iue <o adversse

1
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weather or other factors were captured in <khe data Zor =he
five monvth period, i.e., January <hrough May “976. Thi
assumption permitted the calculaticn of an average Jigure
for arnual man-hour expendi+ture {(see Table 75) and
strengthened the further assumption that the arnual figure
so derived was represenftative of the actual man-hour exgen-
diture for CY 1975.

The man-hour figures shown in Table 16 for the
remaining three bases were arrived a% by doudling “he man-—
hours recorded during the pericd January through June 1975.
As in the case of Pease AFB, this was done under *“he assump-
tion that the man-nours expended in CY 1975 during <ke same
months were comparable and *that, as the period represerted
by the figures extended from midwinter through midsummer,
seasonal variations in man-hour expenditures were cap-ursd,
and the figures for the preceéding six months would alsc Te

izilar. The variances in man-nours thus calculated Zor the
bases in the samplie can perhaps be explained oy, once agalin,
geographical location of the bases; nevertheless, zhe mag-
nitude of the wvariances tends to cast doubt upon *tk
validity of the data and/or the assumptions zadle.

The G3C 02000 data also exhibit large variances, dbut
not in the same pattern as the venicle corrosiorn maintenance
data; however, the GSC 020CO data appear to conform zore
closely with the suggested explanation o7 variances having
been caused by the geographic locabtiorn ol tke bases.,

A

Additiopally, the GSC C2CCC Zata failsd <o capture marn-oours

- 4

ot

b A e b pmtar




o 0 N N SV A 2 O et iy R

78
experded by all MMS Equipment Maintenance Branches/Seczions,

4

The Q2CC0O code includes several cleaning actions such as

¥

~
|

fu

washing, wiping, vacuuming, ancd pclishing, ard the data
rot distinguish among them.

The MDC data show a great disparity in man-houxrs
expended between the first and last halves of CY 1975
{1039.5 versus 76.2) giving —ise %o doubt as To the
validity of the data. The MDC data, like the wvenicle
corrosion maintenance data and the GSC C2CCC data, also

exhibit large varliances in man-hours among *“he bases.
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CHAPTER 6
CORROSION CENTER MODEL

In this chapter, man-hour requirements are com-
puted for a consolidated corrosion control work center
and compared with the average man-hours expended by the
five sample bases. Man-hour costs are also computed
and compared.

The specific design of a consolidated corrosion
control facility is beyond the purview of this research:
indeed, the primary emphasis and interest lie in the area
of man-hour comparison. ©On the other hand, the physical
plant of a consolidated corrosion control facility cannot
be ignored. The capital investment costs of such a facil-
ity and installed equipment are an integral and essential
part of any cost study and must be considered. Accord-
ingly, then, the following section examines five alterna-
tive facility and equipment situations and the costs
associated with each. A summary comparison appears in

Table 21.
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Capital Investment

A basic assumption is implicit in the five alter-
native facility situations which follow: all major eguip-
ment required for a consolidated corrosion control facility
such as air compressors, paint sprayers, sand blasting
machinery, and the like is present and available for
installation in a consolidated corrosion control facility
at any givéﬁ Air Force Base except for automated vehicle
washing equipment. The underlying rationale is that this
type of equipment is present in existing vehnicle mainte-
nance paint shops and/or field maintenance squadron paint
shops and would become superfluous to those shops, as

would the shops themselves, upon the construction or

establishment of a consolidated corrosion control facilitv.

New Facility

The definitive drawing for an eight stall automo-

tive shop found in AFM 88-2, Air Force Design Manual,

Deiinitive Designs of Air Force Structures, was selected

as the basis for computing constructinn cost for a con-
solidated corrosion facility (31:AD 35-02-62). This draw-
ing was selected because it takes into consideration such

factors as floor loading and vehicle size. In addition,
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the dimensions of the illustrated facility (48' x 84') are
sufficiently large to accommodate a 16' x 60' auto wash
installation, at least three 12' x 24' paint drying rcoms,
two 16' x 28' rooms for stripping and painting, an eguip-
ment rocw, a supplies room, an office, and a latrine.

The method commonly used by the Air Force to
obtain facility cost is to multiply the floor area in
square feeé by a cost factor in dollars per square foot
(48). The cost factor for an automotive shop was obtained
from an updated list of cost factors for different types of
facilities used by Air Force installations for costing pro-
posed constructicn projects (23). Straight line deprecia-
tion was used to convert the capital investmeat cost to an
annual cost spread over the life of the facility. The

econcmic life of the facility was assumed to be 25 vears

(23). The figures used and results were:

Floor space 4,032 sq. ft.
Cost factor $37.30 per sg. ft.
Total cost $150,393

Economic life 25 years

Annual cost 56,015




§
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An automated vehicle washing installation was egti-
mated to cost $39 thousand. Such an installation would
require a floor space of 16' x 60' and would include scrub-
ber brush, high pressure water and drying machinery, and a
conveyor (24). Again using straight line depreciation and
an =conomic life of 15 years (20), an annual cost ovzar the
life of the equipment of $2,600 was calculated. The result-
ing sum of annual equipment cost and annual facility cost
appears under Cption A in Table 21.

Modified Facility.=--It 1s possible that a given

Air Force Base might have a facility available, or which
would be made available, which with modification could be
used as a consclidated corrosion control Zfaciiity. Two
situations are envisioned: the first is +that the facility
to be modified has some amount of econcomic life remaining
and must be removed from some other use necessitating con-
sideration of a capital investment cost, and the s:.cond is
that the facility is unused and/or the economic life

of the facility has expired, in which case capital
investment can be omitted frem consideration. These two

situacions 2ppear in Table 21 as Options 3 and C. The

economic life of a facility ic shorcer tharn the physical




AD-AO32 297

UNCLASSIFIED

AIR FORCE INST OF TECH WRIGHT=PATTERSON APB OHIO $CHO-=EYC F/¢ 18/S
A COST EFFECTIVENESS STUDY OF A CONSOLIDATED CORROSION CONTROL =<ETC(U)
SEP 76 D R SELLERS, F L HARMON

SLSR=38-768




_—-----EﬂﬂH===E!!5!5!!lllllIlIIllIlllIIIlll!!llIIllllll.-lIl..lllllI.-.-l"'

84

or serviceable life (20), and it is assumed that the
facility to be modified could be used for the lewjytn of
the economic life of the modifications made to it.

The definitive drawinag of an automotive maintenance
garage was selected as an example structure to be modified
(31:AD 36-10-09). Annual cost was calculated in the same

manner as for a new facility as previously described. Mod-

ification costs were calculated based upon a cost factor of

$2.40 per square foot of eight inch concrete block wall

{15). The same cost factor was used to calculate the cost
of ceiling construction. The selected drawing indicates a
floor space for the automotive maintenance garage somewhat
greater than that of the automctive shop previcusly dis-

cussed. The square footage required for modification was

based upon the addition of sufficient walls and ceiling to
provide the same number and type of rooms described in the
previous section. The same figure for annual cost of vehi-

cle washing equipment was used. The data invclved were:

Annual Facility Cost Data

Floor space 5,940 sg. ft.
Cost factor $26.90 per sg. ft.
Total cost $159,786

Economic life 25 years

Annual cost $6,391

et e J
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Annual Modification Cost Data

Wall and ceiling

area 8,010 sg. ft.
Cost factor $2.40 pver sqg. ft.
Total cost $19,224
Economic life 25 years
Annual cost 5768

Existing Facilit, --Two final situations are

depicted in Table 21. 1In both cases, it was assumed that

a large veﬂicle maintenance and administration facility

was present on some given Air Force Base and that the
facility contained the necessary rooms and equipment needed
for a consolidated corrosion control work center. Defini-
tive drawings AD 35-02-56, 57, and 58 found in AFM 88-2
(31) depict such a facility. 1In the first case (Option D,
Table 21), it was assumed necessary to purchase and install
vehicle washing equipment, and in the second case (Option

E, Table 21) that vehicle washing equipment was present.

Model Description

The vehicle washing portion of the consolidated
corrosion control facility was envisioned to be completely
automatic and operable by the custcmer. It would include

2quipment for spraying vehicles and equipment with high

pressure water and a water/wax mixture if desired. It
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would also include revolving brushes for scrubking sides

and tops of vehicles and equipment and an air blower for

drying. Finally, it would include a conveyor for pulling
equipment through the various stations at the proper rate
oL speed.

The workflow model for painting is shown in Figure
3. The operations illustrated in the figure were developed
by the resé;rchers based unon information provided by paint
shop personnel at Wright-Patterson AFB (52). The model
provides ror three distinct job types: complete painting
of non-powered Aerospace Ground Equipment (AGE) involving
sand blasting, complete painting of vehicles and pcwered
AGE involving steam cleaning, and partial or localized
rainting. Drying is optional, depending upon job type and
prevailing weather at the facility location.

The production structure of the work center was
assumed to be a job process layout where the tasks were
grouped according to the function they performed (8:111):
e.g., a steam cleaning cell, a sand-blasting cell, a
stripping room, etc. A job process layout was assumed in
lieu of an assembly line based on the following factors:

1. The nature of the *asks appeared to lend them-

selves to a job process flow.
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2. The anticipated volume through the facility
would not be large enough to sustain an assembly line
process.

3. The sharp diversity in the time interval of
tasks was not conducive to an assembly line process, i.e.,
a smooth flow of work did not appear possible.

4. The pattern of workflow through the work center
was anticiééted to be highly variable.

Units to be processed would likely range from B-1
stands (non-powered AGE) to aircraft towing tractors, and the
tasks performed on the input units would vary from minor
touchup painting to complete painting. In view of the pre-
ceding factors, the production process best suited to
handle the high variability was a job process lavout (8:119).

Production units would be input to the facility
through a scheduling function whose task would e :to ensure
continuous throughput. In order to minimize slack time, it

would be necessarv for the scheduling function to create

small gqueues at the beginning of the workflow. A queue of
units awaiting processing would ensure a continuous work-
flow through the work center and thereby minimize slack )

time.
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Jop Standards.--I1t was necessary to establish man-

hour standards for vehicle and eguipment washing and paint-
ing in order to develop annual man-hour requirements for a
consolidated corrosion control work center for comparison
with the man-hour data oresented in Chapter 5. Research
failed to disclose any generally accepted standards. As a
consequence, man-hour standards for painting were developed 1
by the res;archers using the kest judgment technique emplov-
ed by Air Force Management Engineering Teams in similar
situations (46:5.37). The technigue involves establishing

a man-hour standard for a stated job, task, or group of
tasks by combining information provided by workers and
superviscrs involved with the job under consideration with

the experience of the investigator.

Supervisory personnel of two maintenance work

centers at Wright-Patterson AFB were consulted by the
rasearchers to arrive at man-hour standards for powered
and non-powered AGE (2; 28; 52). The standards for powered
and non-powered AGE were average times for all AGE falling
within either category.

The work environment in which the man-hour standards

wer2 estimated was similar to the job process layout

envisioned for the corrosion control facility in that job
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tasks were grouped by function. At that point, however,
similarities ceased. The following differences were noted:

1. The workflow throual. .. =2 work centers at
Wright-Patterson AFB was not driven by a schedale,

2. The work centers performing the maintenance
were not co-located within a single facility, and

3. Specialization of effort did not exist for the

total job tasking.

The steam-cleaning facility, the sand-blasting

i A R o ks a3 o e i

facility, and the painting facility necessary for proces-
sing powered and non-powered AGE were physically separated.
As a result, it was necessary to move units keing processed
between work centers in order to accomplish the complete

job. In the case of non-powered AGE, aircraft maintenance

M 6K s B s o i 0 st ik 304 S vt

technicians performed all required tasks. Conversely, for
powered AGE the AGE technicians performed only steam-
cleaning. AGE units were then transferred to the paint shop
where painting technicians accomplished stripping and
painting.

In spite of the lack of specialization and the
decentralization of job tasking within the workflow for

painting activity, the physical processing of job tasks

d
was found to be that of a job process layvcut. Since this :
w‘m
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matched to a large extent the assumption for the consoli-
dated facility of a jcb process layout, it was felt reason-
able to use the two work centers as a rasis for developing
work£flow tasks and man-hour standards for powered and non-
powered AGE for the conscolidated corrosion control work
center. The resulting man-hour standards appear in
Tables 22 and 23.

A vhird maintenance work center was interviewed in
order to develop man-hour standards for painting vehicles.
A man-hour standard of 31.27 man-hours for complete vehicle
rainting was developed. This standard represents a
weighted average of time standards developed and used by
the vehicles maintenance facility at Wright-Patterson AFB.
The weichting factors employed were the number of vehicles
supported by the vehicle maintenance facility falling
within each of eighteen vehicle types selected bv the

researchers as typical examples of vehicles supported by a

consolidated corrosion control work center (see Appendix B).

The weighted average was calculated by multiplying each
weighting factor by its corresponding time standard, sum-
ming the products, and dividing the result by the sum of

the weighting factors. The man-hour standard for partial

PN
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vehicle painting was a best judgment based upon the stan-
dard used by the vehicle maintenance facility.

The man-hour standard developed for washing vehi-
cles and equipment in an automatic vehicle washing instal-
lation was strictly an estimate made by the researchers
based upon experience with similar commercial facilities.
It was estimated that the processing time of an auto-
matic vehicle washing installation would be aprroximately
12 minutes. Since the only man-hours involved would be
that of the customer, the man-hour standard, then, became
the same as the duration of the washing/drying prccess,
or 0.2 manhours. Transit time to and from the consoli-
dated corrosion control facility was neglected due to the
numerous distances which would likely be involved and

which would vary from base to base.

Jcb Scheduling.--A second set cf factors necessary

to the development of annual man-hour reguirements for

a consolidated corrosion control work center was scheduling
rates for vehicles and AGE. These rates were developec

in the form of percentages of vehicles, and AGE assigned

to a base to be scheduled each year for painting and each
month for washing. The rates appear in Table 24. The
percentages of vehicles to be scheduled for partial and

complete 2ainting each year were deva2loped, again, using

the best judgment technique (9). The percentages oI AGE
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to be scheduled for partial and complete painting each

gy

year and the percentages of vehicles and AGE to be sched-
uled for washing each month as listed in the Assumption
Set A column c<f Table 24 are based upon observation and
experience of the researchirs. The Assumption Set B !
cclumn lists a second set of scheduling rates in the form

of percentages which are subsequently used in Table 25

along with the Assumption Set A percentages to illustrate

the impact'of scheduling rates upon annual man-hour

requirements for the hypothetical consolidated corrosion

control facility. The figures given in Table 24 for total

vehicles and AGE assigned are the average of the numbers

of assigned vehicles and AGE at the sample bases.

Analysis

Average man-hours expended by the corrosion work
centers in the sample and projected manhours for a con-
solidated corrosion control work center are compared in
Table 26. Man-hour savings due to consolidation are also
shown along with computed dollar savings.

Table 27 shows total annual savings in dollars
for each of the five facility situations discussed earlier
in the chapter. The dollar amounts shown for the facility

options correspond to Assumption Set A in Table 21. The

figures in the table indicate chat a consolidated corro-
sion control work center would realize dolliar savings

through reduced man-hour requirements, but the savings

1A
¥
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TABLE 26

Projected/Recorded Man-Hour Comparison
(per calendar year)

Washing Washing Savings
Actual Projected Man~Hours/Dollars
Vehicle 15,288 3,057 12,231/ 46,233
(estimated)
Powered AGE 1,792 998 794/ 3,001
Total 17,080 4,055 13,025/% 49,234
Painting Painting Savings
Actual Projected Man-Hours/Dollars
Vehicles 2,024 2,718 -694/5- 2,623
AGE 125 3,586 -3,462,/5-13,086
Total 2,148 6,304 -4,156/5-15,709
GRAND
TOTAL 19,228 10,359 8,869/533,525
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would be due entirely to the automated vehicle washing
installation, and the consolidated painting function would,
in fact, be costlier in terms of man-hour reguirements

than the existing situation. This remains true even when
the figures in Assumption Set B, Table 21, are substi-
tuted, yielding a negative savings for painting of $6,134

and a corresponding increase in overall savings.

Washing Man-Hours.--All man-hours in Table 20

recorded agailnst an Action Taken Code (ATC) of V (clean)
were assumed to represent man-hours expended in washing
egquipment. Although the How Malfunction Codes (HMC)
associated with this ATC would seem to indicate a main-
tenance action more on the order of painting (see

Table 3), it is suggested that painting and similar main-
tenance actions would more likely have occured with an
ATC of F (repair) or Z (corrosion repair). Accordingly,
the V coded man-hours were averaged, and the resulting
figures was added to the average of the GSC 02000 man-
hours appearing in Table 17.

As indicated in Chapter 2, GSC 02000 maintenance
includes, in addition to washing, actions such as snow and
ice removal, vacuuming, wiping and polishing. It was
not possible to identify man-hours expended only in

washing actions. 1In order to eliminate the possibility of

including maintenance man-hours expended upon aircraft,




only those man-hours expended by the FMS AGE Branches

in the sample were selected as representing washing
actions. It was also assumed that, considering the

duties of an FMS AGE Branch as described in Chapter 3,

it would be more likely for an AGE Branch to have expended
a large portion of its recorded GSC 02000 man-hours upon
washing actions than either of the other two corrosion
work centers recording GSC 02000 man-hours expenditures.
The total éSCOZOOO man~hour figure shown in Table 8 for
the FMS AGE Branches in the sample was divided by five to
arrive at an average figure, and this average was added

to the average of the ATC "V" man-hours shown in Table 20.
The sum appears in Table 26 under the cross heading of
Powered AGE, Washing (manhour) Actual.

The figure in Table 26 for actual man-hocurs
expended washing vehicles is an estimate. It was assumed
that all vehicles were washed twice monthly and that an
average of one man-hour was required for each washing, or
equivalently, that 24 man-hours were expended each
year washing each vehicle. The man-hour figure, then,
was calculated by multiplying the average of the number
of vehicles assigned to the bases in the sample (see :

Table 24) by 24 man-hours per year.

Painting Man-Hours.--All man-hours in Table 20

recorded against the ATCs of F and 2 were assumed to




represent man-hours expended in painting equipment. These

man-hours were averaged, and the resulting figure appears
in Table 26 under the cross heading of AGE, Painting
(manhours) Actual.

The total man-hour figure in Table 16 is the guan-
tity of man-hours expended by the bases in the sample upon
painting vehicles. An average man-hour figure is shown

in Table 26.

4

Man-Hour Cost.=--The man-~hour data appearing in

Chapter 5 represent direct labor man-hour expenditures.
Supervision, or overhead, man-hours are not included.

The same is true for the projected man-hour figures appear-
ing earlier in this chapter. With this in mind, it was
deemed necessary to develop an average cost factor for
direct labor only which could be applied to man-hour
figures to obtain man-hour costs.

There are nine enlisted ranks within the Air Force,
and the top three ranks are generally regarded as manage-
ment. The top three ranks were not considered in the
development of a cost factor. The method used to arrive
at a cost factor was to multiply the hourly wage for each
of the lower six ranks (35:525/20) by weighting factors,
sum the products, and divide the results by the sum of the

weighting factors. The weighting factors were chosen as

representing the typical grade structure found within a




A

maintenance work center. It is noted that the selected
weighting factors listed below in Table 28 Zollow

roughly a normal distribution.

TABLE 28

Airman Hourly Wage

Weighting Factor

(ranks assigned) Rank Hourly Wage Total

L E6 $5.59 S 5.59

2 ES 4.75 9.50

5 E4 3.92 19.60

4 E3 3.29 13.16

2 E2 3.04 6.08

L El 2.77 2.77

15 $56.70
NOTE:

Cost Factor: $56.70 _ $3.78

15
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CEAPTER 7

SUMMARY

Tha Problenm

Damage To egquipment and facilities cause

n
O
<

corrosion is a multi-billion dollar problem in <he TUnited
States. ZIZvery person, dusiness, and industry owning equip-
ment, buildings, and other material objects is alffecwad,
and the U, S. Air TFoxrce 1s no exception.

This is a day and time of inflation, rising costs,
and dimirishing defense budgets. In order to mainztaln zhe
level of military preparedness expected b7 and necessary =2

the American public, military managers must constantly seex

o

2N

better and more efficient ways of operating the business o©
defense.

Much time, efort, and supplies are expended a’lzcs™
daily on every Air Yorce Insvtallation in an attemp? <o
control or prevent corrosion of equipment and the conseguent

zonetary and mission capability losses corrosion damage

causes. Specialisss in many fields are periodically
diverted from the work for which they were trained In oxder
to wash, clean, pain®t, and otherwise combat corrosicn.
Every work center owning squipment on every installation

by

is charged with the task of corrosion preventiocn ani conTrol.

104




Although <here are cos<ts associatad with corrosich
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damage, Tthere are also £0STs involved in
rrevention. R2duction 2f the cosws incurred in an effor+
<0 control or prevent corrosion appeared to the researchers

<o oIfer an area for investigavion.

The Approach

On any particular Air Force instailation, corrosion
prevention and control activities in the form of washing
and palncviusg of vehicles and equipment are performed D7 a
number of maintenance work centers. The economic concept

0f ecoromies of scale suggested the idea *that consolidation

O

f corrosion contrcl and prevention activitiss uncder a
single, speciaiized work center might prcvide an irncrease
in the scale sufficient to realize economizs fthrough
specialization of work, automation, etc., and therepy allow
a reduction in the average cost per unit of output while a*
the same time maintaining, as a minigum, the same volume cf
production as the combined output ¢f the individual main-
ternance work centers, '

In order to rigorously test the hypothesis, it would
have been necessary %o build a consclida®ted corrosion con-
trol facility at some installation, compare resulting cosss

and output with those previously experienced ©y -he main-

v

~erance work centers at the same installation, ard <hen

EZ
,,

gereralize *he results with some stasted co

«
(¢

n<aer installations. As this method was infeasible, =zhe

research question method was used o investigate %he

%1

O
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~yrothesis. The approach 50 answering Tke research jussTticxn
invoived thres separate avenuses: _Loglcal argumens wWas
advanced TO suggest thav consolida%tion oI corrosion preven-
tion and control acvivities under a singls, specialize

work center would resul®%t in economies oI scale; two indus-
tries, auto laundry and auto painting, were selected fox

tae commonality of their product with the corrosion controL
and preverntion product of maintenance work centers, and

data were collected from sample firms in shose indus=tris

and exanined for evidence of =sconcmies of scale; and a work-
fiow model of a consolidated corrosior control work center
was developed from which man-hour, facility construction,
and eguipment costs were projected and *then compared witz

res derived from averaged man-hour data coilsected

(@]
O
n
ct
)
'J
b

from five Air Force installiavions.

The Data

Air Porce Data.-—-Four maintenance work centers were

selected as representing the type of work center on Air
Force installations performing corrosion prevention and
control activities as a part of or in addiftion %o znormal
zaintenance upon vehicles arnd/or equipment: Trarsportatiorn
Squadron Aerospace Ground Eguipment Branches, Crganizasioral
Maintenance Sguadron 3upprort IZgulpment 3ranches, andé

Muni<ions Maintenance Sguadron Zguipmerns Mainvanance

2ranches,’Sections. Five dDases were randomly selacved froa




among thos3e in The Strategic Air Jommand bHomaber wings,
=] =

Strategic Air Command was chosen Ior the geograph arnd
climatic variety of 1ts bases, and bomder wings wers

R

desired in >rder to increase the likelikood of <he presence

lected maintenance work ceaters. 2azes

Q
H
)
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were limited <o those located in *“he continern=al Tnited
States in order to reduce difficulty in data collactinc.
The man-nour data were obtained in Three categories
from two basic sources. Vehicle mainvtenance ‘tainTing, and
General Support Code 02CCO [washing, clieaninrg, =7c., were
obtained directly from +“he bases iIn the sampie. Mar-nocur
data captured in <he Air Force Main<tenance Data Cc_lsction
System were obvained from Headquarters, Alr Force LcgisTtics
Command. The %ypes of data collected were chcsen as repre-
senting man-hour expendiitures in corrosion prevension arnd
control in the form of washing, cleaning, and paiznTizg.

The data Zor the Iive bases were averaged in an atIsempt =3

variations.

Industry Data.--The cost and output data Jor =he

u

auto laundry and auvto painting industries were sttained t7
interview with representatives of sample firms (saaples of
convenience) from <he Dayson, Chio area. 4 strucsured

interview was 2mployed in an attemps *o insure zomegerelzy

-

of dava input Ior compariscon purpcses.
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inconsistent. Large differenc
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recorded under *he Maintenance Daza Collecwion 3ys—em were

~

neted between the firsgt hall of calendar year J7) 1975 axnd

AN

she last 2alf {exampls: 5C2.5 wversus 2C.5 for one base,.
It is possible tkat seasonal differences in climafe and/o>

a change in ,the mar-hour Ie
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on suly 1275, migkt account for tke _arge variations.
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Large dirfferences in %otal man-hour

2

bases werse noted [example: 564 versus 24.5). UnforTuxatsly,

<he differences did nowv appear amenab 2 <o eXplanatlion I

~erms oI climasic differences or znumter o uni%ts su
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In addition, it was found *that 79 percent oI The man-cour

iava obtained had been =rronecu
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achelon work censers. Although ~he znarn-ncurs so discovered
were included in all computations arnd comparisons, it woull
seem possible that additioral, valid marz-rcour data na7y zave
remained undiscovered.

Vehicle corrosion mainterance marn-bour dabta were
not awvailable for CY 1975. It was necessary “C assune

aquivalence between the data recorded Ior the first all

]

2f CY 1976 and the unxmown data for <he firsw zalf oI Y

7975 and, further, Lo assume similarisy Tetweer man-ocur

I

2xpendisures for both halves oI 7 7"375 in order =c arrivrs

at a %otal man-hour expendicure for -he ccmplese Y 137C,
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-icns, and such logic was attemprted, the lsrived Za7a 2uss

Man-nour data Zcr the Munitvions Malntenance 3guadron
Zguipment Mairtenance 3ranches/Sectisns were incomplsse.
3C CZCCC 3ata were not availlable for three bases, conse-
juently, no man-rour daza for Zgulpmernt Main<enarce
3ranches,/Sections were used in Chapser & Zor cost comparissz
purposes.,

No man-kbour data were availaple for <he wasning of

a
<

. Since this activity was ar essential elsment ¢

n

(9]

venic

Y .

he projected consoliidated corrosion conTrol WOTK cen

ct
s

Ue]

7 was determined impossidle o omis. Therelcre, 1T Decame

}-

necessary -0 assume a Ireguency and duratlon oI vernicle
washing in order to obtaia a Jigure representiag acrual
nan-nour expenditure for That activity. LS was seen I
Chapter o, the washing activity was significarn~ Iin zan-zour
land cost) reduction, and all figures and resulTs are
ansirely dependent upon the anccuracy of The assumpTlion.

In summation, the man-tour data Ior Th2 sample Tases
were erratic, incomplete, inconsisvtens, and disappcinzing.
Assumptions were necessary to obtain soms man-nour Iigures
b the full calendar year under consideraticn., Ilacking
any other altermative, these data were used In 2¢3t com-~
parisons in Chaprer 5. However, their rragili sy zoust, oI
necessity, seriousiy weaken any CCRCLUSionsS SCRCeIming 228

sarings ‘2T Loss2s,; oI a consolidatved tcorrosion conTTOL wWoTR
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Data Summary, randustry.--The data co.lecwed Irom ke

sample au-o laundries and 3uto painting firms appeared con-
sisve2nt and valid., Variations in the types oI davta reportad
may nave biased the calculations of the short-run average
cost curves. TFor example, one firm 28y have included adver-
<ising costs in the figures given for op:srating expenses,
whereas another firm whick also experienced advertising
costs may have omitted them. However, as operating expenses
were not droxen down as to type or category, there was no
w8y %0 test this possibility. It is felt that the effect cI
any such variations in the data ccllected was minimal as tze
c¢rivical factor in the positioning of the curves appeared =o¢

be fixed costs.

Facilicy Cost.-—Five facility arnd equipment possi-

Hilities, ranging from construction oI a completely new

corTosion conztrol facilisy ard purchase of automated eguip-

mens, o no facili%ty comstruction and no squipment purcLase,

o

were presented zalong with estimated costs for each.
FTacili®*y ccsss were based upon square footage reguirements
for flo0r space or, in the facility modification alter-
nasives, wail and ceiling area. Hcwever, ar snginee:izng

37udy was nct undertakern %o Jdetermine rrecise reguiremercs,

snerafore, the cost figures preserced mus* be regaried =%
(=] P =
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WorkIlow.—-—Jsob Time sTandaris and workIilow reguire-
pments for painting vehicles and =gquipment were develcped
Wwith <he aid and advice oI personnel 2% Wright-Patterson
ATB actually engaged in performirng or supervising *he
particular jobs. The equipment and vehicles maintained %y
The work centers Irom which the job time standards and work-
flow requirements were developed were of the type ervisioned
as being processed through a consclidated corrosion con=rol
faciiity, 1Je., military vehicles and powered and non-pcwered
aerospace ground equipment. This fact perhaps lends some
credence to the job time standards and workflow requiremen<s

wnich were developed.

Conclusions

It would aprear *that a consolidated corrosion con-

ct

Trol facility Zor the three corrosion work centers, which
were ultimately considered in Chapter €, enable an annual
savings in man-hours equivalent to approximately Hau
Thousand, this figure being the average of the dollar
savings of the five facility and eguipment alternatives
presented, On the other hand, the other major activisy of
a consolidated corrosion control facility, painting of
7ehicies and equipment, showed an anrual loss for each of
cne five facility and equipment altermavives. Alshough <he

N

average 10ss for <he painting activity was slightly

[ v

g

sz
“2an 2alf »f the average gain (savings) for “he washi=n

acsivity resulsing in ar overall dollar ‘and man-ncur,
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savings ©y the use of 2 conso.rlidated corrosion conirol
Tacility, the desirability of such a facilisy would seenm
nighly doubtiul as the painting ac*tivity could perhaps be
considerel the more important of the two activities. The
suggestion, of course, is that an auto laundry would be
preferabie to a full corrosion control facility.

The question at this point arises as to what
factor({s) caused a dollar loss to appear in the painting
activity of the hypothetical consclidated corrosion control
Wwork center, ZEconomic zhecory and the short-run average
cost curves of the sample auto painting firms suggest *hat
a savings rather than a loss should have boen realized.
Several possibilities are suggessed.

The man-nours expernded by the sample bases on
painting activities may have been greater than indicated
by the data. The shortcomings of <he data, as previously
discugsed, would seem to lend support <o *this possibility.

The job standards and freguency of the vehicle
and egquipment painting cycle Ifor a consolidated corrosion
control work center were structured <o permit the precduction
of a high guality output. This was reflected in The pro-
Jected number of man-hours required. It seems possiblie
that some »f %he individual corrosion work centers in the
sample through lack oI proper or necessary equipmens and, or
facilities may bave veer forced -o produce a lower gualil:ty

cutput with a subsegquent sma’ler man-nour expend’iture rer

unit of ousput. Thke result, oI course, would be ewer
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pan-hours expended for the same quantit TuT not gjuall®
b 4 b

&

oI ourpu

ot

Skar the consolidated facili<ty. This zype oI

. ;
31718710

3

was seen in the short-run average COST CUIVes

t

for the auto painting firms where “he firm with vhe smal-
lest scale had lower, rather zhan higher, average unis
costs than the two larger firms but was unable %Yo producse
the same quality of product for lack of one (expensive)
pisce of equipment.

It is possible that an insufficient number of cor-
rosion work centers were selected for examination. The
aumber selected was limited to four %o make data collec*ticn
Dossible within the time constraints for this research;
however, many other work centers, bcth maintenance and
nor-maintenance, are found on any selected Air .orce tose
which could also make use of a consolidated corrosicn con-
sroil facility. It is possible *that had the data for addi-
“ional work centers been included for consideration, %hs
resulting increase in scale of the consolidated facilisy
nay well nave permitted results other than those ob%tained.

In summary, “hen, the results of this research were
Incornclusive. A consolidated corrosion control facili<y
would seem to offer dollar savings in the form of reduced
man-hours required to perform corrosion control and pr
7ention maintenance on vehicles and aercspace grournd equiz-
nent mainvtained by a Tramnsportation Scuadron Vehicle
Mainzenance Brancz, a Field Maintenance 3guadron Aerostace

Ground Zgquipment Branch, and an Crganizaticnal Malntenance
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3quadron Non-Powered Aerospace Ground Zguipment SecTio
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ar "average" Air Force base. Eowever, tThe imperfec=ion

n

in the data and the rumber of assumptions Iound ascessary.
70 employ make any such finding teruous at best. Addi-

tional study is clearly indicated.

TMuture Study Direcrtions

The difficulties encountered in this research
suggest several areas for further study. A Time study at
one or more-Air Force bases could be made to develop more
accurate job standards for the type of corrosion activis
considered. An engineering study might be considered wicth
the aim of determining optimum facility size, arrangement,
and equippage for a consclidated corrosion control WoTk
center. More accurate fixed costs migh®t -ten be determinecd.
This research did not consider supervisory overhead or
organizational structure under the assumption tha’t the con-
solidated work center could be placed within the sTtrucsture
of an existing organization. However, a management
engineering study should perhaps be performed to test <his
assumption. Finally, a study similar to +this research migh<
be desirable to test whether the man-hour data obtained Ior

this research are, in fact, accurate and reasonable.

1 . N - c s
The word average is used Jue <o <he use, in Chap-=1T
figures ob*tained by averaging “he data from she five

~

5, of

bases in *he sampie.
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‘ STRUCTURED INTERVIEW
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Alir Force Institute of Technolcgy

Thesis Questionnaire

THESIS: SLSR 34-7/6B

TITLE: A Cost Effsctiveness Study of a Consolidated
Corrosion Control Work Center

s e ki ok e AW

RESEARCHERS: Major Donald R. Sellers
Captain Frank L. Harmon

,

1. DMay the company name be cited as a data source?

2. May your name and,/or position be cited as a data

source?
3., Vehicies processed: CALENDAR YEAR
MONTH NUMBER PRCCESSED
4, Cost of sales: CALENDAR TEAR
MONTH TOTAL COST (%)

R

5. Operating expenses: {includes wages and office salaries,
advertising, customer property damage, equipmen® lease,
rent, maintenance and repair, employee compensation,
group insurance, insurance, accounting and legal fees,
taxes and licenses, office expenses, payroll %axes,
telephone, uniforms and laundry, utilities, interest
and bank charges, depreciation, miscellaneous).

i b st o Al

CALENDAR YEAR

MONTH TOTAL CCST (%

116
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5. .continued)

MONTH TOTAL CCSTS(§)

5. Fixed assets: (includes building (o space allocation),
operating equipment, office and furmiture, leasehold
improvements, other assets).




APPENDIX B
MAN-HOUR STANDARDS, VEHICLE PAINTING
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MAN-HQOUR STANDARDS, VEEICLE PAINTING

uantity Vekhicle Man-hour Standard

29 Cargo, 1% Ton 28
75 Metro 40
21 Carry All 40
112 ’ Fork Lift, Small 18
22 Fork Lif+%, Large 24
150 Pick Up 28
12 Follow Me 37
28 Sedan 28
35 Tractor, Case 20
75 Tractors, Truck 40
26 Tugs 24
7 Dozer 45

) A/C Towing Tractor 45

7 MB-4 37

5 De-Icer 80
50 Crew Cabs 27
3 Jeep 25

2 Panel, 3/4 Ton 42
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